A new antitumor antibiotic thrazarine was soluble in water and positive to anisaldehydesulfuric acid and ninhydrin color reactions. The absolute structure of thrazarine was determined to be 0-((3i?)-2-diazo-3-hydroxybutyryl)-L-serine by acid hydrolysis, spectroscopic analysis and X-ray crystallographic analysis. Structurally, thrazarine was a newmemberof azaserine group antibiotics.
Thrazarine, isolated from a culture broth of Streptomyces coerulescens MH802-fF5, is a new antitumor antibiotic which sensitizes tumor cells to macrophage-mediatedcytolysis. Wehave reported the taxonomy of the producing organism and the isolation and biological properties of thrazarine in the preceding paper.x)
In this report, we describe the physico-chemical properties and the structure determination of thrazarine, which belongs to a group of azaserine.2»3)
Results and Discussion
Thrazarine ( IR spectrum (Fig. 2) showed a characteristic conjugated diazo-ester absorption (2120, 1680 and 1660 cm"1).
The 13C NMRspectrum (D2O, 100 MHz) of the antibiotic showed only 6 carbon signals at d 171.6 (COOH), 168.0 (C(-O)O, weak and broad), 64.0 (CH2), 62.7 (CH), 54.6 (CH) and 20.0 (CH3) compared with the expected 7 carbons. The *H NMRspectral data (400 MHz, D2O, Table 1 ) indicated the presence of one methyl group, one methylene group and two methine groups. Spin decoupling experiments indicated the presence of two kinds of carbon chain in the structure, CH3CHand CH2CH.
Degradation studies of thrazarine were carried out to determine the structure. Strong acid hydrolysis of thrazarine with 6 m HC1at 100°C for 3 hours in a sealed tube gave serine, and no other amino acid was obtained. The absolute configuration of the serine was determined as L-form by HPLC for enantiomeric resolution of amino acid4) in comparison with authentic L-serine and its D-enantiomer (Table 2) . From this result, a carbon chain, CH2CH,presumed from the :H NMRspectrum was assigned to the L-serine moiety in the structure. It has been reported that the decomposition of diazo compoundsin various solvents gave olefin derivatives. 5~7)
Thrazarine released nitrogen by the mild acid hydrolysis with 50% formic acid at room temperature for 1 hour to afford a /3-keto-ester (2) Although we could not observe the carbon bearing the diazo group in the 13C NMRspectrum of thrazarine (in general, the carbon attached to the diazo group in the disubstituted diazoalkanes resonated at 45~65 ppm in the 13C NMRspectrum8)), we found the corresponding carbon signal in the degradation product (2). Fromall results mentioned above, we proposed the structure of thrazarine to be 0-
The configuration of C-3' of thrazarine was determined by the X-ray crystallographic analysis.
The crystals were grown in a methanol solution as yellow plates. A small crystal of approximate dimensions 0.6 x0.45 x0.07 mmwas cut and coated with vaseline to avoid deterioration due to the loss of solvent in the crystal. Cell dimensions and intensity data were measured on a Philips PW-1100 diffractorneter using CuKaradiation monochromatedby a graphite plate. Crystal data are as follows : Thrazarine methanol solvate QHnNaCVCHsOH, FW=249.3. Monoclinic, space group P2l9 Z=2. A total of 1267 reflections out of 1340 possible ones were measured as above the 2(7(1) level up to the 26 angle of 156°. Scans were repeated twice whenthe total counts measured for a single scan were less than 3000. Scan speed was 6°2#/minute and the modeof scan was Id-o). No absorption correction was applied. The intensity fall-off for 20 hours to measure the whole data was about 7%and the integrated intensities were corrected for the intensities of three standard reflections measured every 1 hour. The R(F) value for 118 symmetry related reflections was 3.9%.
The crystal structure was solved by the direct method using MULTAN.9) One of the 128 phase sets gave a reasonable E-map which subsequently refined by block-diagonal-matrix least-squares and Fourier calculations. Eleven out of 15 hydrogen atoms were found on a difference electron-density map. The four hydrogen atoms belonging to the solvate molecule were not included in the refinement. The final R value was 8.6% for seventeen C, O and N and eleven H atoms. The atomic parameters are listed in Table 3 . (6) 6333 (0) 1247 (7) 5701 (9) 1966 (5) 6687 (6) 2625 (7) 6267 (9) 3205 (7) 7365 (10) 3704 (14) 2672 (14) 2808 (17) 1659 (ll) -118 (17) 1124 (17) 3071 (7) (6) 5049 (6) -697 (13) 3807 (6) 7005 (9) 4325 (8) 6730 (13) 2298 (6) 9527 (8) 2568 (9) 2471 (ll) 2802 (ll)
2511 (17) 3093 (17) . (6) 164 (8) 156 (7) 282 (7) 406 (7) 437 (9) 472 (10)
158 (7) 609 (8) (16) 3 (2) 6 (2) 7 (3) 6 (2) 5 (2) 9 (3) 9 (3) 4 (2) 7 (3) 8 (3) 5 (2) Since L-serine was isolated as the hydrolysis product, the atomic coordinates and the drawing of the molecule shown in Table 3 and Fig. 3 were referred to L-serine. From these data, we decided that C-3' (C7 in Fig. 3 ) of thrazarine had^-configuration.
Bond lengths and bond angles are listed in Table 4 . The values were normal and agreed in general with those found in related molecules. In the amino acid group, the twist angle of the bond C2-Nll to C1-O9 was -6.6(7)°and the butyrate group extended nearly trans to the C-O3 bond [C2-C3-O4-C5= -132.4(5)°]. However, the molecule as a whole took rather folded conformation. The diazo group was oriented cis to the carbonyl group [N13-C6-C5-O12=8.9(ll)°]
and nearly perpendicular to the hydroxyl group [N13-C6-C7-O15-
The molecules were bound together with hydrogen bonds from amino nitrogen Nil to carbonyl O10 (at 0, 0, -I) and O9 (at x, -l/2+y,z) and to O(CH3) with distances 2.763(9), 2.798(9) and 2.890 (12) A, respectively. Hydroxyl O15 formed a hydrogen bond to O10 [at 6,0, -1, with 2.705(10) A] and carbonyl O12 formed another bond to O(CH3) with the distance 2.791(13) A. From the above hydrolysis experiments and X-ray crystallographic analysis, the absolute structure of thrazarine was determined to be 0-((3i?)-2-diazo-3-hydroxybutyryl)-L-serine. A solution of thrazarine (1 mg) in 1 ml of 6m HC1was refluxed for 3 hours. After removal of excess hydrochloric acid with evaporation, TLCwas performed on a silica gel developed with a mixture of BuOH-AcOH-water (2: 1 : 1) for detection of amino acid in thrazarine with the result to give a single ninhydrin-positive spot, Rf 0.40, which was identical with serine. The hydrolysate was dissolved in 1 ml of 50% aq acetonitrile containing 0.4% (w/v) triethylamine and to 50 ju\ of the solution was added 50 fi\ of 0.2 % (w/v) 2,3,4,6-tetfra-O-acetyl-^-D-gliicopyrariosyl isothiocyanate (GITC)U> in acetonitrile. The mixed solution was allowed to stand at room temperature for 30 minutes. Thus obtained thiourea derivative was analyzed by reversed phase HPLC(ODS-1 151-SH, Senshu Science Co., 4.6x150mm; mobile phase, 10mMphosphate buffer (pH 2.8)-MeOH-CH3CN(70:15 :15); detection UV250 nm; flow rate 0.9 ml/minute) with comparison to authentic l-and D-serine. As shown in Table 2 , serine derived from thrazarine hydrolysate was found to have the L-conflguration.
Hydrolysis of Thrazarine with Formic Acid A solution of 10 mg of thrazarine in 0.4 ml of 50% formic acid was allowed to stand at room temperature for 1 hour. The solution was then lyophilized to give 8 mg of white powder (2): SI-MS
